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Abstract 
Methyl parben is an often-used anti-septic chemical in personal care products, and its discharge along with domestic 
sewage or municipal wastewater resulted in the elevated concentration in natural water bodies. To mitigate its impact 
to the aquatic environment, this study aimed to investigate the methyl paraban degradation by an aerated pebble-bed 
biofilm system at various hydraulic retention times. The influent methyl paraben concentration was 10 mg/L. The 
degradation of methyl paraben and synthetic municipal wastewater mixture was evaluated at their respective 
concentrations of 10 mg/L and 50 mg COD/L. The results indicated that the removal efficiency of BOD at 1 hour 
hydraulic retention time was 83.7%, and this efficiency increased to 92.54% as the hydraulic retention time increased 
to 3 hours. The BOD removal efficiencies for methyl paraben and municipal wastewater mixture were higher than 
those for wastewaters containing only methyl paraben. The influent initial pH was around 4.7 because of hydrolysis 
of methyl paraben, during which hydrogen ions were released. The pH exhibited an increasing trend as the 
wastewater travelled through the system. For methyl paraben removal, the efficiencies for wastewater containing only 
methyl paraben were higher than those for methyl paraben and municipal wastewater mixture. An apparent 
competition between methyl paraben and municipal wastewater was observed. The methyl paraben degradation 
followed the 1st order kinetics. 
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The advancement of society modernization leads to the extensive use of pharmaceuticals and personal 
care products (PPCPs). Their residuals, discharged along with domestic sewage and municipal wastewater, 
have been observed and received a lot of attention due to their ubiquity and adverse health effects [1]. 
Among those residuals been observed, methyl p-hydroxybenzoate (methyl paraben) is the chemical of 
concerns because of its popularity as an additive singly or in combination to exert the intended 
antimicrobial affect, especially against mold and yeast formation [2]. Apparently, removal of methyl 
paraben becomes an inevitable issue to preserve the aquatic environment. Over the years, domestic 
sewage and municipal wastewater has been identified as the most contributing water pollution source in 
Taiwan. To mitigate the water pollution, sewer systems were installed. For those areas without access to 
the sewer systems, on-site wastewater treatment system (OWTS) is an alternate solution for treating 
municipal wastewater. Among the common OWTS being used, the aerated biofilm system becomes 
popular because (i) it removes the biochemical oxygen demand (BOD) and ammonia from municipal 
wastewater effectively, (ii) it eliminates odour problems and protects humans from physical exposures to 
wastewater, and (iii) only limited cost for maintenance is required compared to other OWTSs. A 
successful application of such OWTS was reported that treated the municipal wastewater of Taipei City, 
Taiwan efficiently [3]. Along this context, this study investigated the treatment efficiency of methyl 
paraben at a low concentration level using a bench-scale aerated pebble-bed biofilm system. Additionally, 
the biodegradation competition between methyl paraben and synthetic municipal wastewater was 
evaluated as well. 
2. Method 
2.1. Reagents and chemicals 
The methyl paraben used is a reagent grade chemical. The synthetic wastewater of 50 mg/L COD was 
used as the influent concentration. The synthetic municipal wastewater was prepared following the study 
proposed by Fan and Chang [4]. The chemicals used in this study were all reagent grade chemicals 
purchased from SIGMA. The biological seed from High Quality Co. was used for the biofilm growth. 
2.2. Experimental and sampling procedures 
The reactor used in the study is a rectangular channel with the dimension of 149 cm (L)×9 cm (W) 
×6.5 cm (H). The pebbles ranging in size between 3 and 7 cm were used as the contact media with the 
porosity of 37.6%. The biofilm formation was conducted followed the process in the study proposed by 
Fan and Chang [4]. After 80% of the pebbles was covered with biofilm by naked eye inspection, the 
system was considered stabilized for subsequent experiments. Fig.1 shows the graphical illustration of the 
system and sampling points. 
 
Fig. 1. Graphical illustration of the system and sampling locations 
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For system performance evaluation, the wastewater containing 10 mg/L methyl paraben was 
introduced into the system at the hydraulic retention time (HRT) of 1 hour, 2 hours, and 3 hours. The 
aeration was continuously operated at the air flow rate of 7.5 L/min to maintain the dissolved oxygen 
concentration above 5 mg/L for the entire system.  Five aqueous samples at different locations as shown 
in Fig. 1 were collected and analyzed for pH, BOD, chemical oxygen demand (COD) and methyl paraben 
following the protocol proposed by Taiwan EPA [5]. The contaminant removal performance of the 
system was evaluated. The degradation competition between methyl paraben and synthetic municipal 
wastewater was investigated in a similar method except for the influent constituents containing synthetic 
municipal wastewater of 50 mg/L COD. The synthetic municipal wastewater at the C:N:P ratio of 100:5:1 
was prepared and introduced into the system for removal performance evaluation. Duplication was made 
for each sample collection and analysis. 
3. Results and discussion 
3.1. pH variation 
In Fig.2, the analytical results of pH from various sampling points at 1hr, 2hrs, and 3hrs HRT are 
presented. The influent pH values for the experiments of different HRTs were around 4.7 because of the 
methyl paraben hydrolysis, which released hydrogen ions by forming p-hydroxybenzoic acids [6]. The pH 
increased as the wastewater travelled through the system. This is because bidegradation of the methyl 
paraben yielded the phenols. This intermediate was further oxidized by oxygenase catalysis, forming 
catechols, which subsequently underwent the ring-opening reactions, in which hydrogen ions were 
captured as the functional groups, resulting in the increase of pH. The effluent pH increased slightly as 
the HRT increased, implying that more hydrogen ions were consumed for the experiment with higher 
HRT. For the experiments of aqueous methyl paraben and synthetic municipal wastewater, similar trends 
were observed but with lower effluent pH values. This is because the degradation of synthetic municipal 
wastewater resulted in the formation of organic acids which might slightly decrease the pH in the 
effluents. 
3.2. BOD, COD and methyl paraben removals 
BOD variations along the system at 1 hr, 2 hrs and 3 hrs HRT for influents containing 10 mg/L methyl 
paraben and 10 mg/L methyl paraben and municipal wastewater of 50 mg/L COD are presented in Fig. 3. 
For the experiment of aqueous methyl paraben degradation at HRT of 1 hr, the influent and effluent BOD 
concentrations were 12.28 and 2.00 mg/L, respectively, resulting in the BOD removal efficiency of 83.7%. 
As the HRT increased, the effluent concentrations decreased and the removal efficiencies increased. For 
the degradation experiment of methyl paraben and municipal wastewater mixture at HRT of 1 hr, the 
influent and effluent BOD concentrations were 40.27 and 3.10 mg/L, respectively, resulting in the BOD 
removal efficiency of 92.32%. Similarly, the effluent concentrations exhibited a decreasing trend and the 
removal efficiencies increased as the HRT increased. The overall BOD removal efficiency for municipal 
wastewater and methyl paraben mixture was higher than that for aqueous methyl paraben. This 
observation was due to the fact that a large portion of the BOD of the synthetic wastewater and methyl 
paraben mixture was glucose which was readily biodegradable. 
Fig. 4 shows the COD variations along the system at 1 hr, 2 hrs and 3 hrs HRT for influents containing 
10 mg/L methyl paraben and 10 mg/L methyl paraben and municipal wastewater of 50 mg/L COD. For 
the experiment of aqueous methyl paraben degradation at HRT of 1 hr, the influent and effluent COD 
concentrations were 19.21 and 8.29 mg/L, respectively, resulting in the BOD removal efficiency of 
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56.84%. As the HRT increased, the effluent concentrations decreased and the removal efficiencies 
increased. For the degradation experiment of methyl paraben and municipal wastewater mixture at HRT 
of 1 hr, the influent and effluent COD concentrations were 71.72 and 9.31 mg/L, respectively, resulting in 
the BOD removal efficiency of 87.03%. Similarly, the effluent concentrations exhibited a decreasing 
trend and the removal efficiencies increased as the HRT increased.  
    
Fig. 2. pH variations along the system at 1 hr, 2 hrs and 3 hrs HRT for influents containing (a) 10 mg/L methyl paraben, and (b) 10 
mg/L methyl paraben and municipal wastewater of 50 mg/L COD 
Fig. 3. BOD variations along the system at 1 hr, 2 hrs and 3 hrs HRT for influents containing (a) 10 mg/L methyl paraben, and (b) 
10 mg/L methyl paraben and municipal wastewater of 50 mg/L COD 
Fig. 5 shows the methyl paraben concentration variations along the system at 1 hr, 2 hrs and 3 hrs HRT 
for influents containing 10 mg/L methyl paraben and 10 mg/L methyl paraben and municipal wastewater 
of 50 mg/L COD. For the experiment of methyl paraben degradation at HRT of 1 hr, the influent and 
effluent methyl paraben concentrations were 10.1 and 0.5 mg/L, respectively, resulting in the methyl 
paraben removal efficiency of 95.5%. As the HRT increased, the effluent concentrations decreased and 
the removal efficiencies increased. For the degradation experiment of methyl paraben and municipal 
wastewater mixture at HRT of 1 hr, the influent and effluent methyl paraben concentrations were 9.7 and 
1.6 mg/L, respectively, resulting in the methyl paraben removal efficiency of 83.5%. Similarly, the 
effluent concentrations exhibited a decreasing trend and the removal efficiencies increased as the HRT 
increased. 
    
Fig. 4. COD variations along the system at 1 hr, 2 hrs and 3 hrs HRT for influents containing (a) 10 mg/L methyl paraben, and (b) 
10 mg/L methyl paraben and municipal wastewater of 50 mg/L COD 
Fig. 5. Methyl paraben concentration variations along the system at 1 hr, 2 hrs and 3 hrs HRT for influents containing (a) 10 mg/L 
methyl paraben, and (b) 10 mg/L methyl paraben and municipal wastewater of 50 mg/L COD 
3.3. System performance comparison 
In Table 1, the influent concentrations, removal efficiencies, surface loading rates and 1st order kinetic 
constants are reported. Without the presence of municipal wastewater, the maximum surface loading rates 
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for BOD, COD, and methyl paraben were calculated to be 10.77, 16.85, and 8.86 mg/(m2hrL), 
respectively. The higher surface loading rate leads to relatively lower removal efficiency. Additionally, 
the 1st order decay was employed to investigate the kinetics of the system. The 1st order kinetic constants 
were reported in Table 1, also. Obviously, the calculated kinetic constants were found larger when the 
HRT was shorter, and when the municipal wastewater was present. For COD, its degradation was found 
faster than that for BOD and methyl paraben. 
4. Conclusion 
In the present study, the aerated pebble-bed biofilm system removed the contaminants of BOD, COD, 
and methyl paraben effectively for the experiments either with or without the presence of municipal 
wastewater at the methyl paraben concentration of 10 mg/L. Their removal efficiencies were found in an 
increasing trend as the HRT increased. The influent initial pH was around 4.7 because of hydrolysis of 
methyl paraben. The pH exhibited an increasing trend as the wastewater travelled through the system. An 
apparent competition effect was observed, since the removal efficiency of methyl paraben degradation 
became lower when synthetic municipal wastewater was present. 
Table 1. Influent loadings, removal efficiencies, surface loading rate and 1st order kinetic constant of the system performance 
treating 10 mg/L methyl paraben and its mixture containing 50 mg COD/L municipal wastewater 
influent 
Water Quality Indices BOD COD MP 
HRT 1hr 2hrs 3hrs 1hr 2hrs 3hrs 1hr 2hrs 3hrs
MP 10 mg/L 
influent concentration, mg/L 12.28 11.98 12.48 19.21 20.15 19.89 10.1 10 9.7
removal efficiency, % 83.7 88.9 92.54 56.84 75.91 79.83 95.5 100 100
surface loading rate, mg/(m2hrL) 10.77 5.25 3.65 16.85 8.84 5.82 8.86 4.39 2.84
1st order kinetic constant, 1/hr -2.79 -2.8 -2.89 -2.87 -3.83 -4.25 -2.34 -2.24 -2.47
 MP 10 mg/L+ 
COD 50 ppm 
influent concentration, mg/L 40.27 41.94 41.27 71.72 71.75 70.7 9.7 9.85 9.85
removal efficiency, % 92.32 97.11 97.38 87.03 95.04 95.54 83.5 95.9 100
surface loading rate, mg/(m2hrL) 35.32 18.39 12.07 62.91 31.21 20.67 8.51 4.32 2.88
1st order kinetic constant, 1/hr -8.87 -8.74 -9.59 -14.39 -14.95 -15.35 -2.17 -2.43 -2.33
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